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Return-path:  <VLSI@USC-ISIF> 
Date:  12  May  1983  8:15AM-PDT 

From:  The  MOSIS  System  <VLSI  at  USC-ISIF>  (send  requests  to  MOSIS@ISIF) 
To:  kahleSmc. 

Subject:  TOPIC:  m2na.prm 
***  EOOH  ***  " 

Date:  Thursday,  12  May  1983  11:15-EDT 

From:  The  MOSIS  System  <VLSI  at  USC-ISIF>  (send  requests  to  MOSIS@ISIF) 

To:      kahle  at  mc 

Re:      TOPIC:  m2na.prm 

;PS:<MOSIS.INFO>M2NA.PRM.2,  29-Jan-83  15:10:13,  Ed:  B-SMITHSUSC-ISIF 

M2NA  ISI  Accutest,  HP/Sierracin ,  NM0S/MC2,  3  in,  3u,  (Level  =  2)  - 
10  wafers  probed,  total  number  of  dies:  420 
EXECUTIVE  SUMMARY 


Tst 

Mean 

Sig/Mean 

Count 

Sigma 

34 

419 

0 

.791 

0.01 

1.36% 

(V) 

'    Vth  Large  Enh  (Vbs  = 

0) 

45 

360 

-3 

.109 

0.66 

-21.14% 

(V) 

Vth  Large  Dep  (Vbs  = 

0) 

11 

419 

4 

.158 

0.54 

13.05% 

(um) 

Metal  Width  Narrow  (3 

Lambda) 

84 

305 

3 

.000 

0.20 

6.57% 

(urn) 

Poly  Width  Narrow  (2 

Lambda) 

87 

418 

2 

.558 

0.14 

5 . 45% 

(um) 

Diff  Width  Narrow  (2 

Lambda) 

65 

376 

1 

.986 

0.19 

9.74% 

(V) 

Vinv  (K8) 

69 

339 

2 

.393 

0.13 

5.26% 

(V) 

Vinv  (K4) 

80 

372 

18 

.489 

3.93 

21.27% 

(MHz) 

Ring  Freq  5.0V 
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COMPLETE  TEST  RESULTS 


Tst 

Mean 

Sig/Mean 

Count 

Sigma 

1 

339 

-3 

092 

0. 

65 

-20 

98% 

(V) 

Vth  Dep  Length  10L  Width  2L 

2 

417 

0 

3*95 

0. 

11 

27 

12% 

(ua/v) 

Slope  Dep  Width  2L 

3 

332 

-3 

010 

0. 

56 

-18 

51% 

(V) 

Vth  Dep  Width  4L 

4 

416 

0 

843 

0 

23 

27 

26% 

(ua/v) 

Slope  Dep  Width  4L 

5 

336 

-3 

559 

0 

91 

-25 

55% 

(V) 

Vth  Dep  Width  8L 

6 

417 

1 

503 

0 

48 

31 

66% 

(ua/v) 

Slope  Dep  Width  8L 

7 

341 

-3 

437 

0 

66 

-19 

10% 

(V) 

Vth  Dep  Length  2L  Width  2L 

8 

417 

1 

633 

0 

47 

28 

86% 

(ua/v) 

Slope  Dep  Length  2L  Width  2L 

14 

419 

0 

780 

0 

01 

1 

18% 

(V) 

Vth  Enh  Width  10L  Length  2L 

15 

419 

1  ? 

1  c 

296 

o 

68 

5 

62% 

(ua/v) 

Slope  Enh  Length  2L 

16 

418 

o 

787 

Q 

01 

19% 

(V) 

V  v  J 

Vth  Enh  Length  4L 

17 

418 

*t  1  O 

g 

436 

o 

18 

2 

83% 

( ua/ v ) 

Slope  Enh  Length  4L 

1  ft 

J.  o 

41  Q 

4  13 

0 

796 

o 

01 

U  1 

\ 

40% 

(VI 

V  v  / 

Vth  Enh  Length  8L 

19 

*t  J-  3 

■3 
O 

235 

o 

06 

1 

89% 

( ua/ v ) 

Slope  Enh  Length  8L 

^^1 
0  0  1 

-3 

623 

n 

u 

71 

/  1 

-19 

57% 

CV1 

Vth  Dep  Length  2L 

21 

419 

n 
o 

fin 
u  o  o 

2 

47 

30 

64% 

( ua/ v ) 

Slope  Dep  Length  2L 

22 

O  0  o 

-3 

207 

o 

53 

-16 

46% 

\ w  j 

Vth  Dep  Length  4L 

23 

419 

5 

063 

\ 

43 

28 

24% 

( ua/ v ) 

Slope  Dep  Length  4L 

24 

344 

-3 

058 

o 

59 

-19 

35% 

V  v  1 

Vth  Dep  Length  8L 

c.  O 

417 

2 

885 

g 

O  1 

28 

20% 

( ua/v) 

Slope  Dep  Length  8L 

41  A 

*T  1  O 

n 
u 

R47 

n 
u 

01 

68% 

(VI 

Vth  Enh  Length  10L  Width  2L 

?  7 

41  R 

n 

45 1 

n 
u 

02 

4 

36% 

(ua/v) 

Slope  Enh  Width  2L 

41  fi 

1 1  0 

g 

812 

n 
u 

fl1 

U  1 

x 

06% 

(VI 

Vth  Enh  Width  4L 

41  fl 

•+  1  o 

n 

955 

0 

03 

2 

66% 

(ua/v) 

Slope  Enh  Width  4L 

30 

413 

o 

800 

o 

01 

\ 

11% 

(V) 

Vth  Enh  Width  8L 

0  J. 

41  A 

t  io 

\ 

982 

n 

f14 

\ 

78% 

(ua/v) 

Slope  Enh  Width  8L 

^9 
u  £. 

41  7 
*t  i  f 

u 

fl?  7 

OC.C 

n 

ni 

U  1 

\ 

38% 

(V) 

Vth  Enh  Length  2L  Width  2L 

o  o 

41  7 
ti/ 

2 

1  PR 

1  3  O 

o 

16 

j 

31% 

(ua/v) 

Slope  Enh  Length  2L  Width  2L 

34 

419 

g 

791 

o 

01 

\ 

36% 

(V) 

Vth  Large  Enh  (Vbs  =  0) 

35 

419 

2 

620 

o 

03 

18% 

(ua/v) 

Slope  Large  Enh  (Vbs  =  0) 

36 

419 

52 

404 

q 

62 

\ 

18% 

(ua/v** 

2) 

Kp  Large  Enh  (Vbs  =  0) 

37 

419 

\ 

142 

o 

02 

1 

41% 

(V) 

Vth  Large  Enh  (Vbs  =  -1) 

o  o 

419 

2 

537 

o 

03 

1 

23% 

(ua/v) 

Slope  Large  Enh  (Vbs  =  -1) 

39 

419 

50 

748 

o 

62 

23% 

(u.a/v**2) 

Kp  Large  Enh  (Vbs  =  -1) 

40 

419 

(j 

751 

0 

02 

2 

73% 

(V**-0.6) 

Gamma  Lg  Enh  (Vbs  =  0,-1) 

41 

419 

\ 

460 

0 

02 

41% 

(V) 

Vth  Large  Enh  (Vbs  =  -5) 

42 

419 

2 

456 

0 

03 

1 

26% 

(ua/v) 

Slope  Large  Enh  (Vbs  =  -5) 

43 

419 

49 

111 

0 

62 

1 

26% 

(ua/v** 

Z) 

Kp  Large  Enh  (Vbs  =  -5) 

44 

419 

o 

293 

0 

01 

2 

89% 

(V**-0. 

6) 

Gamma  Lg  Enh  (Vbs  =  -1,-5) 

45 

360 

-3 

109 

0 

66 

-21 

14% 

(V) 

Vth  Large  Dep  (Vbs  =  0) 

46 

419 

2 

403 

0 

56 

23 

47% 

(Ua/v) 

Slope  Large  Dep  (Vbs  =  0) 

47 

419 

48 

054 

11 

28 

23 

47% 

(ua/v** 

2) 

Kp  Large  Dep  (Vbs  =  0) 

48 

330 

-2 

772 

0 

23 

-8 

13% 

(V) 

Vth  Large  Dep  (Vbs  =  -1) 

49 

411 

2 

359 

0 

62 

26 

26% 

(ua/v) 

Slope  Large  Dep  (Vbs  =  -1) 

50 

411 

47 

171 

12 

39 

26 

26% 

(ua/v** 

2) 

Kp  Large  Dep  (Vbs  =  -1) 

51 

325 

o 

296 

0 

13 

44 

43% 

(V**-0. 

5) 

Gamma  Lg  Dep  (Vbs  =  0,-1) 

52 

333 

-2 

520 

0.21 

-8 

42% 

(V)' 

Vth  Large  Dep  (Vbs  =  -5) 

53 

413 

2 

358 

0 

62 

26 

45% 

(ua/v) 

Slope  Large  Dep  (Vbs  ■  -5) 

54 

413 

47 

159 

12 

48 

26 

45% 

(ua/v** 

2) 

Kp  Large  Dep  (Vbs  =  -5) 

55 

370 

0 

292 

0 

22 

73 

99% 

(V**-0. 

5) 

Gamma  Lg  Dep  (Vbs  =  -1,-6) 

56 

419 

0 

027 

0 

00 

10 

54% 

(nA) 

Idss  Large  Enh 

57 

420 

106 

379 

7 

26 

6 

82% 

(PF) 

Gate  Capacitor  (Vgate  =  5V) 

58 

415 

0 

028 

0 

04 

125 

50% 

(nA) 

Gate  (Cap)  Leak 

59 

344 

0 

335 

0 

14 

42 

59% 

(V) 

Vout  Z  Pulsed  (K12) 

60 

0 

0 

000 

0 

00 

42 

59% 

(V) 

Vinv  Pulsed  (K12) 

61 

417 

1 

889 

0 

39 

20 

54% 

(V) 

Vinv  (K12) 

62 

375 

-10 

112 

2 

57 

-25 

45% 

Gain  at  Vinv  (K12) 

63 

331 

0 

496 

0 

12 

24 

79% 

(V) 

Vout  Z  Pulsed  (K8) 

64 

0 

0 

000 

0 

00 

24 

79% 

(V) 

Vinv  Pulsed  (K8) 

65 

376 

1 

986 

0 

19 

9 

74% 

(V) 

Vinv  (K8) 

66 

376 

-7 

759 

2 

02 

-26 

00% 

Gain  at  Vinv  (K8) 

67 

419 

5 

000 

0 

00 

0 

03% 

(V) 

Vout  high  (K4) 
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68 

338 

0 

381 

0 

09 

24 

34% 

(V) 

Vout  low  (K4) 

69 

339 

2 

393 

0 

13 

5 

26% 

(V) 

Vinv  (K4) 

70 

334 

-4 

795 

0 

74 

-15 

43% 

Gain  at  Vinv  (K4) 

75 

418 

12 

998 

0 

79 

6 

06% 

(V) 

V  Metalfield  Vbs  =0,   Id  =  lua 

76 

419 

19 

718 

0 

70 

3 

53% 

(V) 

V  Metalfield  Vbs  =  -1,  Id  =  lu 

77 

1 

19 

240 

0 

00 

0 

00% 

(V) 

V  Polyfield  Vbs  =0,   Id  =  lua 

78 

419 

12 

158 

0 

36 

2 

99% 

(V) 

V  Polyfield  Vbs  =  -1,   Id  =  lua 

79 

372 

18 

721 

3 

56 

19 

00% 

(MHz) 

Ring  Freq  4.0V 

80 

372 

18.489 

3 

93 

21 

27% 

(MHz) 

Ring  Freq  5.0V 

81 

372 

17 

964 

4 

21 

23 

42% 

(MHz) 

Ring  Freq  6.0V 

9 

418 

33 

590 

1 

29 

3 

85% 

(mOhm/sq) 

Metal  Sheet  Resisitance 

10 

419 

7 

213 

3 

56 

.49 

29% 

(urn) 

Metal  Width  Wide  (3  Lambda  +  3 

11 

419 

4 

158 

0 

54 

13 

05% 

(urn).  _  

Metal  Width  Narrow  (3  Lambda) 

82 

305 

(30 

680  *i 

3 

21 

10 

45% 

fOM/iqP 

Polysheet  Resistance 

83 

305 

^5 

939 

0 

27 

4 

59% 

(urn) 

Poly  Width  Wide  (2  Lambda  +  3 

84 

305 

3 

000 

0 

20 

6 

57% 

,X-um4— — ^ 

Poly  Width  Narrow  (2  Lambda) 

85 

419 

I  42 

5421 

0 

62 

1 , 45% 

C(Ohm/sqh 

Diffusion  Resistance 

86 

418 

5 

293 

0 

14 

2 

60% 

ban — ^ 

Diff  Width  Wide  (2  Lambda  +  3 

87 

418 

2 

568 

0 

14 

5 

45% 

(um) 

Diff  Width  Narrow  (2  Lambda)' 

88 

360 

8 

533 

0 

59 

6 

94% 

(Ohm) 

M/D  Contact  Resistance  (IMa) 

89 

415 

0 

006 

0 

04 

633 

.12% 

(mV) 

M/D  Contact  Vsum  (IMa) 

90 

365 

8 

469 

0 

59 

7 

00% 

(Ohm) 

M/D  Contact  Resistance  (lOMa) 

91 

4 

0 

304 

1 

14 

375 

.78% 

(mV) 

M/D  Contact  Vsum  (lOMa) 

12 

420 

3 

133 

0 

22 

6 

.88% 

(Ohm) 

Buried  Contact  Resistance 

13 

416 

i 

013 

0 

32 

31 

.56% 

(mV) 

Buried  Contact  Vsum 

71 

419 

5 

242 

0 

73 

13 

.90% 

(Ohm) 

M/P  Contact  Resistance  (IMa) 

72 

418 

0 

025 

0 

01 

30 

.77% 

(mV) 

M/P  Contact  Vsum  (IMa) 

73 

419 

5 

197 

0 

73 

13 

.97% 

(Ohm) 

M/P  Contact  Resistance  (lOMa) 

74 

420 

-0 

772 

0 

16 

-20.98% 

(mV) 

M/P  Contact  Vsum  (lOMa) 

End  of  run 
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terns.  Designs  implemented  according  to  these  rules  are  easily  scaled  and  may 
have  reasonable  longevity. 

2.7    ELECTRICAL  PARAMETERS 

By  satisfying  the  constraints  imposed  by  the  design  rules,  designers  may  create 
circuit  layout  patterns  with  the  knowledge  that  the  appropriate  transistors,  lines 
etc.,  produced  by  the  wafer-fabrication  process  will  be  as  originally  specified  in 
their  layout  patterns.  To  complete  a  design  it  is  necessary  to  also  know  the  electri- 
cal parameters  of  the  transistors,  diffused  layers,  polysilicon  layers,  etc.,  so  that 
the  performance  of  circuits  can  be  evaluated.  The  resistances  per  square  of  the 
various  layers  and  the  capacitance  per  square  micron  with  respect  to  underlying 
substrate  are  shown  in  Table  2.1.  Note  that  the  resistance  of  a  square  of  material 
contacted  along  two  opposite  sides  is  independent  of  the  size  of  the  square  and 
equals  the  resistivity  of  the  material  divided  by  its  thickness.  The  tabulated  values 
are  typical  of  processes  running  in  1978.  As  the  circuit  dimensions  are  scaled  down 
by  dividing  by  a  factor  a,  the  parameters  scale  approximately  as  described  in 
the  table. 

The  relative  resistance  values  of  metal,  diffusion,  poly,  and  drain-to-source 
paths  of  transistors  are  quite  different.  Diffused  layers  and  good  polysilicon  layers 
have  more  than  one  hundred  times  the  resistance  per  square,  area  of  the  metal 
layer.  A  fully  turned-on  transistor  has  approximately  one  thousand  times  the  resis- 
tance of  the  diffused  and  polysilicon  layers.  The  capacitances  are  not  as  wildly 
different  as  the  resistances  of  the  various  layers.  Compare  the  capacitances  in' 
Table  2.1  to  the  gate-to-channel  capacitance,  as  a  reference.  The  diffused  areas 
typically  have  one  fourth  the  capacitance  per  square  micron.  Polysilicon  on  thick 
oxide  has  approximately  one  tenth,  and  the  metal  layer  slightly  less  than  one 
tenth,  of  the  gate-channel  capacitance  per  square  micron. 

The  relative  values  of  the  resistances  and  capacitances  are  not  expected  to 
vary  dramatically  as  the  processes  evolve  toward  smaller  dimensions/with  the 
exception  of  the  transistor  resistance  per  square,  which  is  independent  of  a. 

Table  2.1  Typical  MPS  electrical  parameters  (1978). 


Resistances 

Metal 

Diffusion 

Poly 

Transistor 


=  0.03  ohms/D 
~  10ohms/n 
=  15-100  ohms/D 
=  10J  ohms/D 


Capacitances 

Gate-channel 
Diffusion 
Poly 
Metal 


(Resistances/square  scale  up  by  a, 
as  dimensions  scale  down  by  a, 
except  that  the  transistor  R/[J 
is  independent  of  a.) 


=  4  x  lO-1  pf/jum2 

-  1  x  lO"4  pf/>m2 

-  0.4  x  10^  pf/^m2 
=  0.3  x  10^  pf/Mm 


(Capacitances/micron2  scale 
up  by  a,  as  dimensions 
scale  down  by  a.) 


c  c 


If 


.  £1 


